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Background: Examination of mediating behavioral factors could explain how an intervention 
works and thus provide guidance to optimize behavioral weight-loss programs. This study 
examined the mediating role of adherence to self-monitoring of diet and physical activity on 
weight loss in a behavioral weight-loss trial testing the use of personal digital assistants (PDA) 
for self-monitoring.
Methods: Mediation analysis was conducted to examine the possible mediating role of 
adherence to self-monitoring of diet and physical activity between treatments using varying 
self-monitoring methods (paper record, PDA, and PDA with daily tailored feedback messages) 
and weight loss.
Findings: The sample (N = 210) was predominantly white (78%) and female (85%). Compared to 
a paper record, using a PDA for self-monitoring diet (P = 0.027) and physical activity (P = 0.014) 
had significant direct effects on weight loss at 12 months, as well as a significant indirect effect 
on outcomes through improved adherence to self-monitoring (PS , 0.001). Receiving an auto-
mated daily feedback message via PDA only had a significant indirect effect on weight through 
self-monitoring adherence to diet (P = 0.004) and physical activity (P = 0.002).
Conclusions: Adherence to self-monitoring of diet and physical activity is important as the 
underlying mechanism in this technology-supported behavioral weight-loss intervention.
Keywords: behavioral intervention, self-monitoring, mobile technology, mediation analysis, 
weight loss, adherence
Introduction
Although much research effort is devoted to achieving and maintaining weight loss, 
the prevalence rates for overweight and obesity continue to be 66% for US adults.1 
Standard behavioral treatment (SBT) for obesity has been shown to be efficacious 
in achieving weight loss;2,3 thus, optimizing SBT might lead to improved outcomes, 
especially for maintenance of weight loss. Because SBT involves multiple behavioral 
strategies, evaluation of the effectiveness of each behavioral strategy could help with 
the optimization process by enhancing the essential component(s).
Self-monitoring is considered the cornerstone of behavioral treatment for weight 
loss.2 A large body of evidence supports the role of self-monitoring in achieving suc-
cessful outcomes in behavioral weight loss programs.4–6 The majority of studies used the 
number of submitted paper diaries7 or Internet-based diaries,8–11 or scores on a survey 
measuring self-monitoring12,13 as a measure of adherence to self-monitoring, which may 
not accurately reflect the degree of completeness of a diary. Therefore, it is important 
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to examine the role of actual adherence to self-monitoring 
in behavioral weight loss interventions.
Mediation analysis14 has been used by previous research-
ers to explore the underlying mechanism of an intervention 
involving multiple intervention strategies. Acharya et al15 
found that adherence to self-monitoring of diet was associ-
ated with weight loss. A recent literature review6 reported 
that using technology to support the self-monitoring pro-
cess with an available food and physical activity database 
showed promise in improving weight loss through better 
self-monitoring adherence. Physical activity, another essen-
tial component of a behavioral weight loss program, may 
also increase if recording the number of minutes engaged 
in physical activity becomes an integral part of the self-
monitoring regimen. However, no study has reported the 
mediating effect of adherence to self-monitoring physical 
activity, or how such effects are sustained for long-term 
weight loss. The purpose of this paper is to report on the 
mediation effect of adherence to self-monitoring diet 
and physical activity on weight loss in overweight or 
obese   participants after 12 months in a technology-based 
behavioral weight-loss program.
Methods
We used baseline and 12-month data from the SMART 
(Self-Monitoring And Recording using Technology) Weight 
Loss Trial.16 The SMART study was a three-group, random-
ized clinical trial with a standard behavioral weight-loss 
intervention designed to test the efficacy of three modes 
of self-monitoring on weight loss: (1) paper record (PR), 
(2) personal digital assistants (PDA) with dietary and physical 
activity software, and (3) PDA with the same software plus 
a tailored, daily feedback message (PDA + FB). The study 
was approved by the University of Pittsburgh Institutional 
Review Board. There were 210 participants at baseline; 
179 participants completed the 12-month assessment (60 in 
the PR group, 60 in the PDA group, and 59 in the PDA + FB 
group). A participant flow diagram is detailed in Figure 1. 
Participants were 21–59 years of age and had a body mass 
index (BMI) between 27 and 43 kg/m2.
Assessed for eligibility by phone (n = 704) 
Excluded (n = 494): 
•D id not meet eligibility criteria (n = 263) 
•D eclined to participate (n = 198) 
• Other reasons (n = 33) 
PR group 
(n = 72) 
PDA + FB group 
(n = 70) 
PDA group 
(n = 68) 
Completed 6-month 
assessment
n = 64, 94.1%
Completed 6-month 
assessment
n = 65, 92.9%
Completed 6-month 
assessment
n = 63, 87.5%
Randomly assigned (n = 210)
Completed 12-month 
assessment
n = 60, 88.2%
Completed 12-month 
assessment
n = 59, 84.3%
Completed 12-month 
assessment
n = 60, 83.3%
Analyzed (n = 60) 
Excluded from analysis: 
Lost to follow up 
(n = 10) 
Withdrawal (n = 2)
Analyzed (n = 60) 
Excluded from analysis: 
Lost to follow up (n = 6) 
Pregnancy (n = 2) 
Analyzed (n = 59) 
Excluded from analysis: 
Lost to follow up (n = 9) 
Pregnancy (n = 1) 
Withdrawal (n = 1) 
Figure 1 Participant flow diagram.
Abbreviations: PR, paper record; PDA, personal digital assistant; FB, feedback.
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All participants received group-based nutritional and 
behavioral counseling for which the detailed intervention 
schedule and strategies have been published elsewhere.17 
Interventionists were nutritionists or exercise physiologists 
with training in the lifestyle behavioral intervention. There 
was a total of 32 group sessions during the first 12 months, 
each lasting approximately 45–60 minutes. The groups met 
weekly for the first 4 months, then bi-weekly for months 5–12. 
Participants in all groups received a daily calorie goal based on 
their baseline body weight and gender (for women, 1200 kcal 
for ,200 lb or 1500 kcal for $200 lb; for men: 1500 kcal 
for ,200 lb or 1800 kcal for $200 lb), and all participants 
had a daily fat gram goal of #25% of their calories. Their 
weekly physical activity goals were 150 minutes of moderate 
exercise by the 6th week of the intervention.
The treatment effect in this analysis was evaluated using 
two grouping variables: (1) PDAs (PDA group and PDA + FB 
group) versus PR (PR group), to evaluate the effect of using a 
PDA, compared to using a paper record, and (2) daily feedback 
[DFB] (PDA + FB group) versus no feedback (PR group and 
PDA group), to evaluate the effect of receiving daily tailored 
feedback messages versus no daily tailored feedback.
Adherence to self-monitoring of diet and physical activity 
was measured by the proportion of weeks when participants 
recorded at least 50% of the daily calorie goal or any physical 
activity minutes, respectively. Participants were asked to mon-
itor their diet (food, amount, calories, and fat grams for each 
food entry). The PDA groups only recorded each food entry, 
as their calories and fat grams were calculated automatically. 
All participants were asked to monitor their physical activity 
type and minutes in either the paper diary or the electronic 
diary embedded in the PDA. Participants submitted diaries 
for a total of 32 weeks from baseline to 12 months. Each diary 
submitted represented a participant’s diet and physical activ-
ity for the preceding week. For biweekly sessions, only the 
diaries from the week immediately preceding the intervention 
session were taken into account. This method of measuring 
adherence to self-monitoring of diet was used and evaluated 
in a previous study.15 In consultation with our interventionists 
and experts on adherence and self-monitoring, we decided to 
assume that if a participant exercised at all, he or she would 
be very likely to record it. Our focus was not on measuring a 
participant’s adherence to the physical activity goal, but rather 
on measuring their adherence to self-monitoring of physical 
activity. Thus, if any minutes were recorded in a diary, we 
considered the participant to be adherent to self-monitoring 
of physical activity for that particular week. A missing diary 
was defined as non-adherent to self-monitoring diet or physi-
cal activity for that week.
Weight was measured by the Tanita Scale, with partici-
pants wearing light clothing but no shoes and following an 
overnight fast. Assessments were conducted every 6 months; 
we focused on the baseline and 12-month time points in this 
report. Participants were weighed in a private office by study 
personnel or their interventionist.
Statistical analysis
Mplus (v 5.21; Muthen and Muthen, Los Angeles, CA), SPSS 
(v 17.0; SPSS, Inc, Chicago, IL), and SAS (v 9.2; SAS Institute, 
Inc, Cary, NC) were used for the data analyses. Correlational 
and linear regression analyses were performed for each self-
monitoring adherence variable (measured by the proportion 
of sessions participants were adherent to self-monitoring 
diet/physical activity) and percent weight loss at 12 months. 
Covariates considered were age, gender, and ethnicity.
Baron and Kenny18 defined mediation to be the pro-
cesses (mediating variables) that intervene between the 
stimulus (independent/proximal variable) and the response 
(dependent/distal variable). Observed variable path analysis 
was used to fit the proposed mediation models. Path coef-
ficients with standard errors and R2 values for the proximal 
(adherence to self-monitoring diet and physical activity) and 
distal (weight loss) endogenous variables were estimated, as 
depicted in Figure 2. Indirect, direct, and total effects were 
Indirect effect  
Direct effect
Adherence to self-monitoring 
of diet/physical activity
Mediating variables
% weight change
Outcome variable
1) PDA versus PR
2) DFB versus no DFB
Predictor variables
Figure 2 Mediation model.
Abbreviations: PR, paper record; PDA, personal digital assistant; DFB, daily feedback.
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also estimated. The observed variable path analysis via 
5000 bootstrapping was used to test for mediation effect. 
Goodness-of-fit was assessed using the recommended indices 
including root mean square error of approximation (RMSEA) 
and comparative fit index (CFI). Residual analyses were 
performed for each path analysis model fitted to identify 
sources of model misspecification, outliers, and influential 
observations.
Results
Sociodemographic characteristics of the sample are described 
in Table 1. There were 179 participants who had complete 
data on weight at 12 months. Participants who completed 
the 12-month assessment were significantly older and had a 
lower BMI at baseline than those who did not.
Baseline and 12-month percent changes in weight, and 
adherence to self-monitoring diet and physical activity during 
the 12 months are presented in Table 2. Regression analyses 
revealed that the effect of the self-monitoring approach 
(PR versus PDA versus PDA + FB) on adherence to self-
monitoring diet and physical activity differed significantly 
(PS , 0.001), while its effect on percent change in weight was 
not significant (P . 0.05). Bivariate correlations indicated 
that weight changes at 12 months were associated with self-
monitoring diet (r = −0.511, P , 0.01) and self-monitoring 
physical activity (r = −0.500, P , 0.01). Mediation analyses 
revealed that, compared to using a paper record, using a PDA 
had a significant direct (P = 0.027) effect and a significant 
indirect effect on weight loss through improved adherence 
to self-monitoring diet (estimate = 2.709, P , 0.001). The 
model explained the mechanism of how adherence to self-
monitoring diet mediated the effect of using a PDA (versus 
paper record) on weight loss. A similar mediation effect was 
found for adherence to self-monitoring physical activity 
(direct effect: P = 0.014; indirect effect: estimate = 2.892, 
P , 0.001). We also found a significant indirect effect of 
receiving daily tailored feedback (versus no feedback) on 
weight loss at 12 months through improved adherence to self-
monitoring diet (estimate = 1.856, P = 0.004) and physical 
activity (estimate = 1.919, P = 0.002). However, no significant 
direct effects were detected (PS > 0.05).
Discussion
Standard behavioral treatment involves many behavioral 
strategies, so it is very difficult to tease out which strategy is 
having an effect and contributing the most to the outcomes 
of interest. Our study used mediation analysis to explain the 
underlying mechanism of adherence to self-monitoring diet 
and physical activity in a standard behavioral weight-loss 
program using a PDA to facilitate self-monitoring. Our find-
ings suggest that the effect of receiving a daily tailored feed-
back message from a PDA versus no message on long-term 
weight loss at 12 months was fully explained by participants’ 
adherence to self-monitoring diet and physical activity. 
Table 1 Baseline characteristics of the sample (completers versus non-completers)
Characteristics Total sample 
(N = 210)
Completers 
(n = 179)
Non-completers 
(n = 31)
P (completers versus   
non-completers)
Age (years) 46.80 ± 9.02 47.73 ± 8.46 41.45 ± 10.36 ,0.001
Gender 
  Female 
  Male
 
84.8 (178) 
15.2 (32)
 
84.3 (151) 
15.7 (28)
 
87.0 (27) 
13.0 (4)
0.695
Ethnicity 
  White 
  Black
 
78.1 (164) 
21.9 (46)
 
77.0 (138) 
23.0 (41)
 
83.9 (26) 
16.1 (5)
0.400
Education (years) 15.65 ± 3.00 15.80 ± 3.03 14.77 ± 2.68 0.079
BMi (kg/m2) 34.01 ± 4.49 33.69 ± 4.42 35.88 ± 4.46 0.012
Marital status 
  Currently married 
  Never married 
  Divorced or separated
 
68.6 (144) 
13.8 (29) 
17.6 (37)
 
67.0 (120) 
15.0 (27) 
18.0 (32)
 
77.4 (24) 
6.5 (2) 
16.1 (5)
0.389
Employment status 
  Employed full time 
  Not full time
 
82.9 (174) 
17.1 (36)
 
84.3 (151) 
15.7 (28)
 
74.2 (23) 
25.8 (8)
0.166
Gross household income 
  .$50,000 
  $30,000–$50,000 
  $10,000–$30,000
 
60.0 (123) 
23.9 (49) 
16.1 (33)
 
60.9 (106) 
24.1 (42) 
14.9 (26)
 
54.8 (17) 
22.6 (7) 
22.6 (7)
0.565
Abbreviation: BMi, body mass index.
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Studies have shown the superiority of receiving automated 
feedback through digital devices in lifestyle interventions.10,19 
Our findings further suggest that the mechanism for achieving 
differences in long-term weight loss when receiving a feed-
back message via a PDA was due entirely to the improved 
self-monitoring adherence.
Our study confirmed the findings from other studies5,8,12,20 of 
a significant association between adherence to self-monitoring 
and weight loss. While others simply used the number of 
completed diaries to measure adherence, we used a relatively 
more accurate measure of adherence to self-monitoring of 
diet and physical activity by monitoring the diary content 
and using it to define adherence to self-monitoring. We also 
were the first to separately examine the effect of adherence to 
self-monitoring diet and adherence to self-monitoring physi-
cal activity. Our finding that adherence to self-monitoring 
of both behaviors was significantly correlated with weight 
loss at 12 months adds to the limited literature in the area of 
adherence to self-monitoring of physical activity.20–22
We also found that adherence to self-monitoring diet 
and physical activity mediated the effect of using a PDA 
(combined two PDA groups) versus a paper record for 
self-monitoring on weight loss. The effect of using a PDA, 
rather than a paper record, had a direct effect on weight 
loss at 12 months, as well as an indirect effect on weight 
loss through adherence to self-monitoring diet or physical 
activity. Although Yon et al23 reported that using a PDA is 
comparable to using a paper diary in achieving weight loss, 
our results suggest that using a PDA (compared to a paper 
record) for self-monitoring itself led to a greater weight loss, 
and also using a PDA to monitor diet and physical activity 
could achieve greater weight loss when participants self-
monitored their diet and physical activity. The difference 
between the study reported by Yon et al and the SMART 
study might be that the former used non-concurrent groups 
in their study whereas we used a randomized controlled 
trial design with concurrent groups. Other researchers have 
explored additional factors as possible mediators of weight 
loss including parents’ life and family satisfaction for 
adolescents’ weight loss and dietary practices for parents’ 
weight loss.24 Researchers in Australia in the SHED-IT 
study, an Internet-based weight loss program for overweight 
men (N = 65), explored the role of dietary behavior and 
physical activity as mediators of the intervention, but the 
results were not statistically significant.25
There were limitations to this study. First, our sample was 
comprised predominantly of well-educated, white females. 
Therefore, the results may not be generalizable to some 
ethnic minority populations, males, or less educated persons. 
Second, since this is a secondary analysis of existing data, 
the sample size was fixed. In order to achieve enough statis-
tical power, we examined only one behavioral factor in this 
study, self-monitoring adherence. However, there are many 
other behavioral factors including self-efficacy enhancement, 
stimulus control, social problem solving, and goal setting that 
are worthy of further investigation. However, there are also 
strengths in our study. First, the randomized 3-group design. 
Second, our measurement of adherence to self-monitoring 
diet and physical activity was more clearly defined than 
what is reported by others (eg, completed diaries without a 
definition of what constitutes completed, or the number of 
diaries submitted). Finally, we had a 22% representation of 
blacks in our study.
In conclusion, our study findings concur with previous 
studies that self-monitoring is the most influential factor 
in achieving and maintaining weight loss. In addition, we 
found that use of a PDA increases self-monitoring and that 
the addition of personalized messages on a PDA has an addi-
tive effect on increasing adherence to self-monitoring. Using 
a PDA for self-monitoring diet and physical activity had a 
direct effect on weight loss and an indirect effect on weight-
loss maintenance at 12 months through self-monitoring 
adherence, whereas receiving daily tailored feedback mes-
sages via a PDA had only an indirect effect on weight-loss 
maintenance through self-monitoring adherence. Further 
investigation of self-monitoring adherence in a larger sample 
with a longer follow-up is a reasonable endeavor to provide 
stronger evidence for the optimization of the SBT through 
improved self-monitoring. Also, considering that the PDA as 
a standalone device has become obsolete, future studies need 
Table 2 Percent weight loss and adherence from baseline to 12 months by treatment group
Characteristics Paper record PDA PDA + FB
Adherence to SM of dieta 34.38 (16.41, 75.00)b 57.81 (34.38, 87.50) 71.88 (36.72, 88.28)
Adherence to SM of physical activitya 29.69 (13.28, 59.38) 59.38 (28.13, 92.97) 68.75 (42.19, 90.63)
Weight (lb) −5.19 (−9.99, −0.23) −3.92 (−9.40, −1.27) −5.30 (−11.75, −0.99)
Notes: aGroup difference found only in adherence to self-monitoring of diet and physical activity. Adherence was measured by the proportion of weeks that they were 
adherent; bmedian and inter-quartile range are reported, since all variables are non-normally distributed.
Abbreviations: SM, self-monitoring; PDA, Personal digital assistant group; PDA + FB, PDA with feedback group.
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to examine the use of current technology such as smartphones 
with self-monitoring apps for diet and physical activity. 
Self-monitoring adherence may be facilitated by the conve-
nience of carrying only one device.
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